Tyrosine-to-cysteine modification of human alpha-synuclein enhances protein aggregation and cellular toxicity.
The deposition of alpha-synuclein and other cellular proteins in Lewy bodies in midbrain dopamine neurons is a pathological hallmark of Parkinson's disease. Nitrative and oxidative stress can induce alpha-synuclein protein aggregation, possibly initiated by the formation of stable cross-linking dimers. To determine whether enhanced dimer formation can accelerate protein aggregation and increase cellular toxicity, we have substituted cysteine for tyrosine at positions 39, 125, 133, and 136 in human wild-type (WT) alpha-synuclein, and in A53T and A30P mutant alpha-synuclein. To reduce the likelihood of cross-linking, phenylalanine was substituted for tyrosine at the same sites. We have found that overexpression of Y39C or Y125C mutant proteins leads to increased intracellular inclusions and apoptosis in a rat dopaminergic cell line (N27 cells) and in human embryonic kidney 293 cells. Expression of Y133C, Y136C, and all four Tyr-to-Phe mutations were not more cytotoxic than WT control. Exposure to oxidative stress increased Y39C and Y125C alpha-synuclein aggregation and toxicity. Dimers and oligomers were found in Triton X-100-soluble fractions from adenovirus-mediated overexpression of Y39C and Y125C in N27 cells. In contrast, WT beta-synuclein and all four Tyr-to-Cys mutant beta-synucleins did not cause protein aggregation and cell death. We conclude that cysteine substitution at critical positions in the alpha-synuclein molecule can increase dimer formation and accelerate protein aggregation and cellular toxicity of alpha-synuclein.